This study aimed to select productive soybean genotypes, adapted to the conditions of the "Cerrado" and with insect resistance. The experimental material involved 170 soybeans lines F 7:2 obtained from partial diallel crosses (4 x 4), that is, four parents with insect resistance and four other parents with high agronomic performance and the other three lines obtained from the plant breeding program of the ESALQ/USP. The F 7 , F 8 and F 9 generations were evaluated in Goiânia-GO, being the last one evaluated during three different sowing periods (October/21/98, November/09/98 and December/11/98). The following characters were evaluated: days to flowering; plant height at flowering; days to maturity; plant height at maturity; period of grain growth; spotted seeds; 100 seeds weight; foliar area sectioned; lodging; agronomic value; and grain yield. The augmented design was used for the F 7 generation while the complete randomized block design for the F 8 and F 9 generations. An analysis of variance was carried out for each generation and one joint analysis of variance was made for the three sowing periods with F 9 generation. Based on grain yield, through the different experiments, they were identified as to which were the most promising lines for the area, having the best combination of characteristics including insect resistance. The following results were obtained from the analysis: a) ten lines from the early cycle, with high yield, were considered favorable for the cultivation in the "cerrado", showing high resistance to sucker and defoliator insect, and they involve the genitor IAC-100; b) the line 81-9-13 (OCEPAR-04 x IAC-100) had the best agronomic performance, because it was classified above the mean of the check for all characters evaluated in the F 9 generation; c) the second sowing period (11/09/98) was considered the most favorable for the cultivation of soybean in the region; d) the parental IAC-100 (used as the check) showed good characteristics for grain yield and insect resistance. So, evaluation of this parental should occur in the region, in order to recommend it for cultivation.
INTRODUCTION
The introduction of the long juvenile period trait is very important in adapting soybean to low latitude regions (>15 o ) and cropping outside the recommended period. This trait that results in late flowering is economically important because it allows an extension of soybean sowing in terms of date and latitudes (Ray et al. 1995; Destro et al., 2001 ).
The photoperiod influences the soybean vegetative and reproductive period, affecting the duration of the crop cycle. The sowing period is defined by a set of environmental factors that jointly act and interact with the plant, promoting variation in yield and affecting other agronomic traits. Cultivars sown in different periods express their potential in response to the environmental stimulus, which depends on the latitude, sowing period and the cultivars itself (Urben Filho and Souza, 1993) .
Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 391-400, 2002 breeding program (Vendramim, 1990) .
The objective of the present study was to select high yielding and resistance to insects in soybean genotypes adapted to the Cerrados.
MATERIAL AND METHODS
The experimental material included initially 170 F 7:2 soybean lines derived from a partial diallel cross (4 x 4) involving eight parents, which were selected for their reaction to insects and high yield (Table 1) , and three other lines from the soybean genetic breeding program at ESALQ/USP (USP1, USP2 and USP6). The Crockett, Lamar and IAC-100 cultivars and line D72-9601-1 were chosen as resistant parents. The BR-6 (Nova Bragg), IAS-5, Davis and OCEPAR-4 (Iguaçu) cultivars were chosen as high yielding, adapted but susceptible parents. The crosses were performed among the resistant and susceptible genotypes, in a total of 16 bi-parental combinations.
The F 2 generation was assessed and selected in São Paulo state based on the reaction to leaf feeder and pod sucking insects and yield (Pinheiro, 1993) . The F 3:2 , F 4:2 and F 5:2 were also assessed in São Paulo state for yield and long juvenile period (Pinheiro, 1998) . The F 6:2 generation (270 lines) was assessed in Goiânia-GO in July 1996, to verify which among these genotypes could be selected as promising materials for cultivation in low latitude areas of the Cerrados. After carrying out this experiment, 170 lines with some potential for cultivation in the region were selected. It is important to emphasize that in all generations, selection was made only among progeny. Within progeny, selection was not performed. Therefore, the 170 F 7:2 lines considered promising for the region consisted of a mixture of lines, that is, each line was considered a family of inbred lines.
The 170 F 7:2 and the three USP1, USP2 and USP6 lines were sown on 21/05/97 for assessment at the experimental field of the Agronomic School of the Federal University of Goias (EA/UFG). A Federer augmented block design (1956) was used; each plot consisted of a 4.0m x 0.5m row and each block was formed by 29 plots of 25 lines and four common controls. The IAC-100, OCEPAR-4 (parents involved in the crosses), MTBR-45 (Paiaguás) and EMGOPA-313 (recommended materials for the region) cultivars were chosen as controls.
Fifty-six genotypes were selected after assessing the lines for yield and agronomic traits. Selection was made only among lines, but no selection was practiced within lines. The F 8:2 lines were sown in the Experimental field at EA/UFG in Goiania-GO, on 14/01/98. A randomized complete block design with three replications was used with the same controls as the previous experiment. The experimental plot consisted of two 4m x 0.5m rows. Twenty-five lines were selected for yield and resistance to sucking and leaf feeder insects. The F 9:2 lines were sown at three dates -21/10/98, 09/11/98 and 11/12/98 -for assessment in the experimental field at the Agronomy School/UFG in Goiânia-GO. A randomized complete block design with three replications per period was used. The experimental plot consisted of four 4m x 0.5m rows and the useful plot of two 4 x 0.5m lines. The same controls were used in these experiments. These lines were assessed for yield and resistance to insects.
A high natural infestation of pod sucking insects was observed in the field in all the experiments. The occurrence of leaf feeders although not high allowed genotype screening. It is important to point out that there was no chemical control of insects in the field in any of the experiments performed.
The following traits were assessed: number of days to flowering (NDF), plant height at flowering (APF), Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 391-400, 2002 Source of variation DF Individual analyses of variance were performed for the F 7 , F 8 and F 9 generation, and a joint analysis of variance was also performed in the F 9 generation experiments.
The analyses of variance, in augmented block (F 7:2 generation) according to Scott and Milliken (1993) followed the following mathematical model: Table 2 shows the analysis of variance model of the augmented blocks, which used the intrablock error. The treatments sum of squares was partitioned into the sources controls and adjusted lines. Table 3 shows the analysis of variance model used. The treatment sum of squares was partitioned into the sources controls, lines and a contrast of lines vs controls.
The joint analysis of variance of the experiments of the F 9 generation in randomized blocks followed the mathematical model: Prior to this analysis a test of homogeneity of variances was made following the criteria of maximum relationship ≤ 7 for the ratio between the largest and smallest error variances (Pimentel Gomes, 1990) . Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 391-400, 2002 Source of variation DF Table 4 shows the analysis of variance model. The treatment sum of the squares was partitioned in the sources lines, controls and in the lines vs controls contrast. The sum of squares of treatments x periods was also partitioned into the sources lines x periods, controls x periods and lines vs controls x periods.
Based on the yield means of the lines assessed in the different generations (F 7 , F 8 and F 9 ) and sowing periods in the F 9:2 generation (21/10/98, 09/11/89 and 11/12/98), the 10 highest yielding lines in each case were identified. Those lines that were also among the best in the F 9 generation were selected ( Table 5 ).
The PG promising selected lines were then characterized for their other traits already assessed in the F 8 and F 9 generations. The final characterization was made using the mean of the traits assessed in the F 9 generation (joint assessment) as this generation was evaluated in the period recommended for soybean cropping in the region, and because only the lines present in this generation were eventually selected (Table 6) .
RESULTS AND DISCUSSION
The analysis of variance for the F 7 generation showed statistical differences (P<0.01 and P<0.05) among treatments and after partitioning this source of variation among lines, only for the APM, AC and NDM traits that indicated variability among them, enabling selection for these traits (Table 7 ).
Significant effects were not detected for the other traits (NDF, APF, VA and PG). These results were probably due to the non-detection by the design used, as highly variable values were reported among the lines and controls. For the PG trait, the non-detection of variation may further be explained by the sowing period (21/05/97) and because there was no insect control, that interfered in the experimental accuracy (CV=44.704%). In spite of the low experimental accuracy for PG this value is in line with results obtained by Freire-Filho (1988) , Pinheiro (1993 Pinheiro ( , 1998 and (Moura et al., 1998) where there was no insect control.
In the F 8:2 generation, significant differences (p<0.01) were detected among treatments and among lines for Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 391-400, 2002 all the traits (Table 8) indicating further possibility for selection because the design was able to detect the variability existing among the lines (Moura et al., 1999a) .
When the contrast lines vs controls is observed, significant differences were observed for the NDF, APF, NDM, APM, AC, AFC, SM and PG traits. When the means between the lines and controls were compared, the lines were superior compared to the controls for the AC, AFC and SM traits, demonstrating superiority of the traits resistance to insects and for AC that influences the agronomic value of the plants. For NDF, APF, NDM, APM, and PG the controls were superior (on average) compared to the lines. These results may be explained by the use of two long cycle cultivars and recommended for the region as controls that probably increased the mean of the NDF and NDM traits and consequently, the APF and APM means, besides PG. Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 391-400, 2002 10 and 11) showed that significant differences could be detected among treatments for all the traits, except for AC in the 1 st and 2 nd periods and SM in the 3 rd period, in line with the results for the source of variation lines, after treatment partitioning (Moura et al., 1999b) .
When the lines vs controls contrast was analyzed, statistical differences were detected for the NDF, APF, NDM, APM and AFC traits in all the periods of the F 9:2 generation where the means of the controls for the traits for the late flowering genes (NDF and NDM) were greater than the means of the lines, Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 391-400, 2002 maintaining the results obtained in the F 8:2 generation. For AFC, the result obtained in the F 8:2 generation was also maintained that indicated superiority (on average) of the lines compared to the controls (Tables 9, 10 and 11) .
Further considering the lines vs controls contrast, statistical differences were found for PCS in the 2 nd and 3 rd periods and for VA and PG in the 3 rd period (Tables 10 and 11 ). The lines were superior (on Table 10 . Summary of the analysis of variance, in complete randomized blocks, with values and significance of the mean squares of eleven traits. Soybean, F 9:2 generation. EA/UFG -Goiânia, sown in 09/11/98. 1/, 2/ significant at the 0.05 and 0.01probability level, by F test, respectively; n.s. not significant at the 0.05 probability. Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 391-400, 2002 average) for the PCS trait compared to the controls that presented lower means, indicating the possibility of effective selection for the trait of resistance to pod sucking insects. This trait is very important in genetic resistance because it has genetic correlation with a low index of damage in the pods by the dilution effect (Link and Estefanel, 1982; Panizzi et al., 1986; Rossetto, 1989; Rossetto and Lara, 1991; Rossetto et al., 1995; Pinheiro et al., 1997) .
The controls were superior (on average) for the VA and PG traits compared to the lines, that can be explained because cultivars recommended for the region are among the controls.
For the joint analysis of the F 9:2 generation, the sources of variation treatments and lines were statistically different for all the traits, indicating further the presence of variability among them for future selection (Tables 12 and 13 ).
Statistical differences were observed in the sources of variation treatments x periods and lines x periods (after partitioning for the NDF, NDM, VA, PCS, SM, PEG and PG traits (p<0.01) and for APF, APM and AC (P<0.05) indicating a change of behavior in the materials in function of the sowing period.
Better means were observed in the lines for the traits in the second sowing period, that indicated that this period (09/11/98) is the most promising for cropping in the region (Table 10 ).
Lines were considered promising for the PG trait that were present in the three generations (F 7 , F 8 and F 9 ) or at least those that were present in one of the initial generations (F 7 and, or F 8 ) and in two periods of the F 9 generation, as this generation was assessed in the period recommended for cropping in the region (Table 5) .
Thus the lines 81-1-23, 81-1-24, 81-1-28, 81-4-13, 81-7-01, 81-7-18, 81-9-13, 81-9-18, 81-10 -08 e 81-10-09 were selected. The line 81-7-18 was considered the most promising line for the PG trait, because it was among the ten greatest yields in the F 7 , F 8 and F 9 generations (set) and in the 1 st and 3 rd periods of the F 9 generation, indicating its good yield and stability (Table 5 ).
Once the lines (ten) considered promising for the grain yield trait had been selected, they were differentiated by the various traits assessed in the F 8 and F 9 generations (Table 6 ).
It was observed that for the traits related to the late flowering genes (NDF and NDM), only the line 81-9-13 presented a greater mean compared to the general mean of the controls. This may be explained because the lines were derived from crosses with early cycle parents and so these are also early cycle.
For the traits related to resistance to insects (PEG, SM, PCS, AFC) all the lines considered promising for PG were superior to the general mean of the controls, that is, presented shorter pod filling period, lower percentage of marked seeds, lower weight of one hundred seeds and lower cut leaf area, indicating a good behavior for characteristics of resistance to leaf eater and sucking insects.
The lines behaved well for the other agronomic traits (AC and VA) compared to the general mean of the controls, confirming the good performance observed for the other traits assessed.
Line 81-9-13 (OCEPAR-04 x IAC-100) was superior to the mean of the controls for all the traits, and the other lines could also be considered promising for the region. Thus the importance is understood of carrying out assessment experiments of the agronomic characteristics in different agro-ecological regions to assess their performance and possible recommendation for cultivation in the region.
The IAC-100 cultivar (used as a control) "per se" presented good agronomic characteristics and insect resistance, in line with previous experimental results obtained by Rossetto (1989) , Rossetto et al. (1995 ) Pinheiro et al. (1997 and Veiga et al. (1999) . Furthermore, it presented high yields that suggest that this cultivar should be assessed in experiments in the region for recommendation.
CONCLUSIONS
-Ten early cycle lines were selected and considered promising for cultivation in the Cerrado regions, mainly for grain yield and insect resistance, whose parent was the IAC-100 cultivar; -Line 81-9-13 (OCEPAR04 x IAC-100) was the most outstanding because it was superior to the mean of the controls for all the traits assessed in the F9 generation; -Sowing in November is recommended for soybean cultivation in the region; -The IAC-100 cultivar (used as control) "per se" presented good agronomic and insect resistance characteristics as well as high yield, and it is recommended that this cultivar be assessed in experiments in the region for future recommendation.
RESUMO Seleção de Genótipos de Soja Adaptados às Condições de Cerrado e Resistentes a Insetos
Este trabalho teve por objetivo a seleção de genótipos produtivos de soja, adaptados às condições de cerrado e com resistência a insetos. O material experimental incluiu 170 linhagens F 7:2 de soja obtidas de cruzamentos dialélicos parciais (4 x 4) envolvendo oito parentais com base na reação a insetos e produtividade de grãos e mais três linhagens provenientes do programa de melhoramento genético de soja da ESALQ/USP. Foram avaliadas em Goiânia -GO, as gerações F 7 , F 8 e F 9 , sendo esta última avaliada em três épocas de semeadura (21/10/98, 09/11/98 e 11/12/98). Os seguintes caracteres foram avaliados: número de dias para o florescimento, altura da planta no florescimento, número de dias para a maturidade, altura da planta na maturidade, período de granação, sementes manchadas, peso de cem sementes, área foliar cortada, acamamento, valor agronômico e produtividade de grãos. Foram utilizados os delineamentos de blocos aumentados na geração F 7 e de blocos completos casualizados nas gerações F 8 e F 9 . As análises de variância foram realizadas para cada geração individualmente; uma análise de variância conjunta foi feita para as três épocas de semeadura da geração F 9 . Com base na produtividade de grãos, dos diferentes experimentos, foram identificadas as linhagens mais promissoras para a região, sendo discriminadas em relação aos caracteres de resistência a insetos. A partir deste trabalho pode-se extrair as seguintes conclusões: a) dez linhagens do ciclo precoce foram consideradas promissoras para o cultivo nas regiões de cerrado, principalmente em termos de produtividade de grãos e de resistência a insetos, e estas envolvem o genitor IAC-100; b) a linhagem 81-9-13 (OCEPAR-04 x IAC100) foi superior a média das testemunhas para todos os caracteres avaliados na geração F 9 , destacando-se das demais; c) a semeadura realizada em novembro é a mais indicada para o cultivo de soja na região; f) o cultivar IAC-100 (utilizado como testemunha) 'per se' apresentou boas características e de resistência a insetos, bem como produtividades altas, recomendando-se a avaliação deste cultivar em ensaios na região, visando sua recomendação.
